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Abstract A continuous Permian-Triassic boundary (PTB) section has been found and 
studied for the first time in Xiushui, Jiangxi Province, South China. Evidence for a large sea-
level fall has been found in the horizon of 0.8 m below the PTB, from the beginning of Hindeo-
dus changxingensis zone (correlatable to Hindeodus typicalis Zone of the Meishan section). 
Sedimentary record indicates that the sea level kept at lowstand, or occasionally rose slowly 
during the whole Hindeodus parvus zone, except another substantial sea-level fall in early H. 
parvus zone. It began a quick rise from the beginning of Isarcicella staeschei zone, kept rising 
for the whole I. staeschei zone, and probably caused the stagnation of sea water. 
The first severe change in the biota, marked by the sudden disappearance of all steno-
tropic organisms such as fusulinids and dasycladacians, happened at the same time as the 
first sea-level fall, and is regarded as the first and main episode of the end-Permian mass 
extinction in this area. A microbe-dominated biota followed the first extinction, and spanned 
the late H. changxingensis zone and the whole H. parvus zone. All the microbes and some 
other eurytropic organisms including gastropods and ostracods disappeared at the end of the 
H. parvus zone, and the following biota in the I. staeschei zone is very simple.
The coevality of the main sea-level fall and the main extinction episode might be causal: 
both of them might be caused by a drastic climatic cooling. 
Key words sea-level fall, mass extinction, Permian-Triassic boundary, end-Permian, cli-
matic cooling, South China
1 Introduction *
The biggest biotic crisis of the Phanerozoic occurred 
in the end of the Permian, and killed more than 90% of 
marine species, 70% of terrestrial vertebrate genera, most 
terrestrial plants, 100% of reef-building organisms and 
* Corresponding author. E-mail: wys@mail.igcas.ac.cn.
 Received: 2013-07-19 Accepted: 2013-12-30
reef ecosystems (Wu, 2005a; Wu et al., 2007a, 2007b), and 
almost all conodonts (Wu, 2005b; Yin et al., 2007). Details 
about the extinction pattern and the causing mechanism 
have been one focus of geosciences in the latest two dec-
ades (Erwin, 1993; Jin et al., 2000; Krystyn et al., 2003; 
Weidlich et al., 2003; Adachi et al., 2004; Benton et al., 
2004; Twitchett et al., 2004; He, 2005; Xie et al., 2005; 
Wang et al., 2005a; Wang et al., 2005b; Wu, 2005a; Chen 
et al., 2006; Shen et al., 2006; Algeo et al., 2007; Feng 
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et al., 2007; Farabegoli et al., 2007; Kozur, 2007; Yin et 
al., 2007; Yu et al., 2007; Zhao et al., 2007; Cao et al., 
2009; Wu et al., 2010). Environmental changes during 
the Permian-Triassic transition, such as eustatic sea-level 
changes, might be responsible for the mass extinction, and 
has been a key research focus. As to the type and magni-
tude of the sea-level changes during the P-T transition are 
concerned, there have been two opposite views. One be-
lieved that there was no sea-level fall during the P-T tran-
sition (Wignall and Hallam, 1992). The other believed that 
there was at least one big sea-level fall in the latest end of 
the Permian (Wu et al., 2003). The dispute is continuing, 
but, there are more and more reports of evidence favoring 
the latter (Wu et al., 2006a, 2006b; Jiang and Wu, 2007a, 
2007b; Ezaki et al., 2008; Wu et al., 2010; Kershaw et al., 
2007, 2012; Wang et al., 2012). 
The end-Permian mass extinction has been revealed to 
include more than one episode (Yin et al., 2007; Wu et 
al., 2007a, 2007b), and the first episode is the biggest and 
main one. However, many questions remain to be resolved. 
The most important and difficult one is what had triggered 
the main mass extinction episode, and what is responsible 
for the other extinction episodes. Though extreme oceanic 
and climate changes caused by massive release of thermo-
genic carbon dioxide and methane has been proposed as 
the main possible causing factor (Shen et al., 2011), other 
causes for the main extinction could not be excluded. 
Sea-level changes and mass extinction need to be 
studied in continuous sections. Most good P-T bound-
ary (PTB) sections are situated in south China, including 
Sichuan and Guizhou Provinces and Guangxi Zhuang 
Autonomous Region. In recent years, through manual 
digging, we have found a good, continuous PTB section 
in Xiushui, Jiangxi Province, South China. It is near to 
the section studied by Zhu et al. (1994) and Wang et al. 
(2005b). Zhu et al. (1994) have studied the conodonts in 
their section, and Wang et al. (2005b) reported the pres-
ence of a speckled microbialite layer in that section. The 
current study on our section has revealed the coevality of 
the sea-level change and the main mass extinction episode 
in the P-T transition. 
2 Geological settings and features of 
the Xiushui section
2.1 General geology
The PTB section studied in this paper is exposed about 
500 m southwest of Dongling, a small village near Sidu 
town in Xiushui, Jiangxi Province, South China. Xiushui 
is about 120 km northwest of Nanchang, the capital of Ji-
angxi Province. Sedimentological study by Xu et al. (1997) 
revealed that this area was a carbonate platform during the 
Permian. Reef facies developed in this area in the early and 
middle period of the latest Permian Changhsingian Stage. 
Examination of outcrops and labs revealed framestone of 
reef-core facies built by calcareous sponges. The matrix of 
the framestone is micritic, indicating that the wave energy 
on the reef was not strong. The water depth on the reef 
was not deep, but probably exceeded 20 m, since the reef 
was below wave base as evidenced by the micritic matrix. 
In the late Changhsingian Stage, reef ceased growing, and 
the sedimentary environments changed to an open car-
bonate platform. After the deposition of about 42-m-thick 
packstone and wackestone, the water shallowed, and about 
33-m-thick spar-cemented skeletal grainstone deposited 
(Zhu et al., 1994). The skeletal grainstone was massive, 
containing typical Upper Permian fossils such as fusulin-
ids, calcareous algae, and foraminifer Colaniella, and was 
overlain by 1.5-m-thick medium-bedded speckled rock, 
which is similar to that described by Wang et al. (2005b) 
from Tiandong, Guangxi. The speckled rock is overlain 
by 0.5-m-thick dendroid rock. Dendroid microbialites 
have been reported from Sichuan, Hubei, and many other 
places, but for the first time from this area. The overlying 
rock is a thin- to med-bedded grayish micritic limestone 
without macro- fossils. The PTB profile studied in this 
paper spans from the top part of the skeletal grainstone to 
the grayish micritic limestone. 
2.2 Lithology, biota, microbialites, and biostratig‑
raphy 
The Xiushui profile was measured, examined in detail, 
and sampled at small intervals of 0.2 to 0.4 m. All rock 
samples were thin sectioned. Powder samples for carbon 
isotopic analysis were taken from the rock sample where 
thin section was made from and studied to evaluate the 
influence of diagenesis.
During fieldwork, the profile was divided into 40 
subbeds (Figure 1). Based on examination of the thin sec-
tions, the 40 subbeds were grouped into 10 beds according 
to lithology. 
The basal Bed 1 (= Subbed 1) (>5 m) is a grayish, mas-
sive spar-cemented skeletal grainstone. The skeletal grains 
include foraminifers, echinoderms, fusulinids (Figure 2a), 
and calcareous algae. The fusulinids include Palaeofu-
sulina and Nankinella. The foraminifers include Colan-
iella (Figure 2b), Climacammina, Glomospira, Pseudog-
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Figure 1 Lithology, conodonts, carbon isotopic composition, sea-level changes, biota, speckled rock, and dendroid rock in the Permi-
an-Triassic boundary (PTB) section in Xiushui, Jiangxi Province, South China. Ex1 = the first episode of the mass extinction; Ex2 = 
the second episode of the mass extinction; F1 = the first large sea-level fall; F2 = the second substantial sea-level fall. 
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landulina, Lunucammina, Hemigordius, Pachyphloia, and 
Cribrogenerina. The calcareous algae include Gymnoco-
dium, Permocalculus, and Pseudovermiporella. 
Bed 2 (= Subbed 2) is a 0.1- to 0.2-m-thick reddish 
spar-cemented grainstone (Figure 3a). Though this bed 
is not thick, it occurs in all nearby measured sections in 
this area. Examination of thin sections shows that the skel-
etal grains are rounded or sub-rounded (Figure 2c), and 
are internally dolomitic (Figure 3b: “Dol”). The dolomite 
rhombi in the skeletal grains are generally subhedral to eu-
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Figure 2 Microphotographs of thin sections showing the lithology and fossils, under plane-polarized light. a-Skeletal grainstone 
with fusulinid fossils, from Bed 1; b-Skeletal grainstone with large foraminifer Colaniella, from Bed 1; c-Skeletal grainstone com-
posed of spar-cemented rounded skeletal grains with Fe-coating, from Bed 2; d-Lime mudstone, from Bed 3 (Subbed 3); e-Packstone, 
from Bed 3 (Subbed 4); f-Grainstone, from Bed 6 (Subbed 12); g-Lime mudstone, from Bed 7 (Subbed 15); h-Grainstone, from Bed 
8 (Subbed 20); i-Lime mudstone, from Bed 9 (Subbed 26); j-Lime mudstone, from Bed 11 (Subbed 40). 
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Figure 3 Microphotographs showing the fabric and composition of the reddish grainstone of Bed 2. a-Scanning picture of a slab; 
b-Microphotograph of a thin section, alizarin red stained, under plane-polarized light; c-Back-scattered electron (BSE) image of an 
area of the thin section; d-Enlargement of the blue marked square of c. The white dots in c and blue dots in d are the distribution of 
the Fe element. The dark dots of c are the distribution of the Mg element. Dol = dolomite; Etch = etched; Anm = anhedral mineral.
hedral, finely crystalline. They are similar in size in some 
grains, but are coarser in inner parts in other grains. Stain-
ing with alizarin red solution reveals that many dolomite 
rhombi had been etched (Figure 3b: “Etch”), and the solu-
tion pores had been filled by calcites. All grains have a 
thin coating layer composed of anhedral minerals (Figure 
3b: “Anm”). Microprobe analysis reveals that the anhedral 
mineral is ferrous (Figure 3c, 3d: “Fe”) in composition. 
Small brownish mineral grains in thin sections under po-
larized light or orthogonal light is limonite. Radio-axial 
calcite cements perpendicularly occur on the limonite 
layer. The second generation cement was larger blocky 
calcites. Though most grains have been dolomitized and 
lack original structure of the grains, some remain structure 
of Colaniella. Thus this bed is inferred to have the same 
skeletal composition as Bed 1. 
Bed 3 (= Subbeds 3 and 4) and lower Bed 4 (Subbeds 5 
to 6) is a 1.5-m-thick medium-bedded speckled limestone. 
On outcrops, it is composed of irregular reddish spots 
(Figure 4a, 4b: “Red”) embedded in grayish areas (Figure 
4a, 4b: “Gra”). The grayish areas accounts for about 45% 
of the rock, and is mainly a micritic limestone (Figure 2d), 
but locally are wackestone (Figure 2e) and packstone. The 
reddish areas accounts for about 55% of the rock, and is 
composed of dolomitic limestone. This study reveals that 
the reddish areas are resultant from the transformation 
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of previous packstone, wackestone, and locally the same 
micritic limestone as the grayish areas. Cystiform microbi-
al fossils, which have been assigned to the colonial cyano-
bacterium Microcystis (Wu et al., 2014), ostracods, small 
gastropods, and small bivalves have been found from Bed 
3 (= Subbeds 3 and 4) and lower Bed 4, and all have low 
diversity. The fusulinids, Colaniella, and calcareous algae 
that once occurred in the underlying beds are all absent 
from these beds. There seems to be more abundant fossils 
in the reddish dolomitic limestone areas than in the grayish 
areas, and they seem to have been more severely destroyed 
by diagenesis than those in the grayish areas. 
The upper Bed 4 (Subbed 7) is a 0.5-m-thick dendroid 
rock. On outcrops, it is composed of brownish dendroid ar-
eas (Figure 4c, 4d: “Brow”) embedded in irregular yellow-
ish areas (Figure 4c, 4d: “Yel”). The brownish dendroid 
areas accounts for about 70% of the rock, and is mainly 
composed of coarser calcites; the yellowish areas accounts 
for about 30%, and is mainly composed of micritic lime-
stone. This study reveals that the brownish dendroid areas 
are formed from previous packstone, wackestone, and the 
same micritic limestone as the yellowish areas. Previously, 
these areas contain small fossils, especially microbial fos-
sils (probably belonging to Microcystis). Currently the 
fossils have been changed to patches of large euhedral cal-
cites and anhedral calcite cements between them. The mic-
ritic matrix between the previous small fossils has been 
changed to small anhedral calcites due to recrystallization. 
The top surface of Bed 4 is wavy, and probably represents 
an ancient erosional surface. 
Figure 4 Photos showing the macroscopic appearance of the speckled rock (a, b) of Bed 3 and low Bed 4 and the dendroid rock (c, 
d) of the upper Bed 4. a-Outcrops; b to d-Slabs. Red = the reddish spots; Gra = the gray areas; Brow = the brownish areas; Yel = the 
yellowish areas. 
315Vol. 3  No. 3
Coevality of the sea-level fall and main mass extinction 
in the Permian–Triassic transition in Xiushui, Jiangxi 
Province, southern China
Ya-Sheng Wu et al.: 
Bed 5 (= Subbeds 8 to 9) is a 0.6-m-thick grayish, me-
dium-bedded packstone. It contains ostracods, some small 
lingulate brachiopods, some thin-shelled bivalves (prob-
ably belonging to Pinnidae), and some Microcystis fossils 
(Wu et al., 2014). 
Bed 6 (= Subbeds 10 to 13) is a 0.4-m-thick grayish, 
medium-bedded spar-cemented bioclastic grainstone 
(Figure 2f). It contains some small brachiopods, small bi-
valves, thin-shelled bivalves, ostracods, small gastropods, 
and some Microcystis fossils. 
Bed 7 (= Subbeds 14 to 16) is a 0.4-m-thick grayish, 
medium-bedded lime mudstone. It contains some small 
brachiopods (Figure 2g), small bivalves, thin-shelled bi-
valves, ostracods, and some unknown microbial fossils. 
Bed 8 (= Subbeds 17 to 21) is a 0.6-m-thick grayish, 
medium-bedded spar-cemented grainstone (Figure 2h), 
containing some ostracods, thin-shelled bivalves, some 
small lingulate brachiopods, some thin-stemmed crinoids, 
and some Microcystis fossils. This bed is characteristically 
thin-bedded, obviously different from the overlying and 
underlying medium-bedded beds. Its contact surfaces with 
the overlying and the underlying beds are conformable. 
Bed 9 (= Subbeds 22 to 29) is a 0.7-m-thick grayish, 
medium-bedded lime mudstone (Figure 2i), containing 
some ostracods and some thin-shelled bivalves.
Bed 10 (= Subbed 30) is a 0.02-m-thick dark-colored 
argillaceous lime mudstone, with flat laminated bedding, 
which probably indicates stagnant sedimentary environ-
ments.
Bed 11 (= Subbeds 31 to 40) is a 0.8-m-thick medium-
bedded lime mudstone (Figure 2j). It contains sparse small 
ostracods, thin-shelled bivalves, and small lingulate bra-
chiopods. The above stratum is the same medium-bedded 
lime mudstone.
3 Conodont biostratigraphy 
The conodont zones of the P-T transition of Meishan 
section, the GSSP of the PTB, is used as a standard of bi-
ostratigraphic division. As seen in Table 1, the P-T transi-
tion of Meishan section has been divided into 8 beds or 
subbeds in ascending order (Yin et al., 2001): 24e, 25, 26, 
27a, 27b, 27c, 27d, and 28. The eight beds or subbeds are 
assigned to 4 conodont zones (Yin et al., 2001): 24e to 
Clarkina yini Zone, 25 and 26 to C. meishanensis Zone, 
27a and 27b to Hindeodus typicalis Zone, 27c and 27d 
to H. parvus Zone, and 28 to Isarcicella isarcica Zone. 
After restudying and revising some of the conodonts, Wu 
(2005a) made a small revision on Yin et al. (2001)’s divi-
sion: 24e and 25 to C. yini Zone, 26 to C. meishanensis 
Zone, 27a and 27b to Hindeodus changxingensis Zone, 
27c and 27d to H. parvus Zone, and 28 to I. staeschei 
Zone. The C. yini Zone is distinguished by the presence of 
C. yini, the C. meishanensis Zone by C. meishanensis, H. 
changxingensis Zone by H. changxingensis, the H. parvus 
Zone by H. parvus, and the I. staeschei Zone by I. stae-
schei. Since the Hindeodus typicalis identified by different 
researchers are not always the same, but it is not the case 
for Hindeodus changxingensis, the revised scheme by Wu 
(2005a) has some advantage. 
The Xiushui profile yields abundant conodont fossils. 
The conodont fossils are dominated by Hindeodus compo-
nents (Figure 5). Hindeodus changxingensis (Figure 5a), 
the critical component of the H. changxingensis Zone of 
the Meishan section (Wu, 2005a, 2005b) has been found in 
Bed 2. So, Bed 2 belongs to the H. changxingensis Zone. 
Bed 3 lacks Hindeodus parvus and has been assigned to 
the same conodont zone as Bed 2. Hindeodus parvus (Fig-
ure 5b), the key component of the H. parvus zone, does not 
Table 1 Conodont zones of the Meishan section
Bed Yin et al. (2001) Wu (2005a)
28 Isarcicella isarcica Zone Isarcicella staeschei Zone
27d
Hindeodus parvus Zone Hindeodus parvus Zone
27c
27b
Hindeodus typicalis Zone Hindeodus changxingensis Zone
27a
26
Clarkina meishanensis Zone
Clarkina meishanensis Zone
25
Clarkina yini Zone
24e Clarkina yini Zone
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occur till basal Bed 4. So the P-T boundary lies at the base 
of Bed 4. Bed 8 (Subbed 17) still yields typical H. parvus 
(Figure 5c). So, Bed 4 through Bed 8 are assigned to H. 
parvus Zone. Isarcicella staeschei (Figure 5d) does not oc-
cur till basal Bed 9. Thus the base of Bed 9 is regarded as 
the base of Isarcicella staeschei Zone (Wu, 2005a). 
4 Biotic evolution and mass extinction
The biota in beds 1 and 2 is diverse, dominated by sten-
otropic organisms including fusulinids, calcareous algae, 
and large foraminifer Colaniella. Foraminifer Colaniella 
and fusulinid Palaeofusulina are typical pre-extinction 
Permian organisms (Wu et al., 2007a). Their presence in 
Bed 2 (Figure 2a, 2b) indicates that the biota in Bed 2 is of 
pre-extinction. 
All the stenotropic organisms of Bed 2, especially the 
symbolic foraminifer Colaniella and fusulinid Palaeofu-
sulina, suddenly disappeared at the end of Bed 2. The ex-
tinction of the typical Permian stenotropic organisms has 
been regarded as the first episode of the end-Permian mass 
extinction (Yin et al., 2007; Wu et al., 2007a). Thus the 
main extinction episode in this area happened at the end 
of Bed 2, before the beginning of the Hindeodus changx-
ingensis zone.
The biota in Bed 3 through Bed 8 is composed of abun-
dant ostracods, cyanobacterial Microcystis, microgastro-
pods, small brachiopods, thin-shelled bivalves, and echi-
noderms. Microcystis are generally regarded as eurytropic 
type (Ezaki et al., 2003, 2008; Wang et al., 2005b; Wu 
et al., 2007a, 2007b), and can survive or flourish in very 
extreme environments intolerable to other organisms. Os-
tracods, microgastropods, and thin-shelled bivalves have 
been reported to occur in the PTB sections in Guizhou and 
other places, and interpreted to be eurytropic components 
tolerant of the unusual environments following the extinc-
tion. So, the post-extinction biota in the Xiushui section 
was dominated by eurytropic types. 
The biota in Bed 9 through Bed 11 is composed of very 
sparse ostracods, thin-shelled bivalves, and small lingulate 
brachiopods. The abundant microbes and microgastropods, 
as well as the echinoderms that once bloomed in Beds 3 to 
Figure 5 Key conodonts from the Permian-Triassic boundary section in Xiushui, Jiangxi Province, South China. a-Hindeodus 
changxingensis, from Bed 2; b-Hindeodus parvus, from the base of Bed 4 (Subbed 5); c-Hindeodus parvus, from the base of Bed 8 
(Subbed 17); d-Isarcicella staeschei, from the base of Bed 9 (Subbed 22). 
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8, are all absent from Beds 9 to 11. Photoautotrophic mi-
crobes, especially cyanobacterial Microcystis, cannot live 
in deep waters. The microbes of the P-T transition were 
generally regarded as dominated by cyanobacteria (Wang 
et al., 2005b). Their absence from Beds 9 to 11 might re-
flect the water depth had become too deep. The disappear-
ance of microgastropods, cyanobacterial Microcystis and 
echinoderms before the deposition of Bed 9 may represent 
another small episode of the mass extinction (Wu et al., 
2007a). The biotic evolution during the latest Permian and 
the earliest Triassic in this area includes three stages. The 
first is the diverse biota dominated by stenotropic organ-
isms in Beds 1 and 2. The second is the simple biota domi-
nated by eurytropic organisms in the Beds 3 to 8. The third 
is the very simple biota consisting of sparse ostracods, a 
few thin-shelled bivalves, and possibly a few lingulate bra-
chiopods in Beds 9 to 11. 
The first biota lived in a normal open carbonate plat-
form condition favorable to most organisms. The second 
biota dwelled in a restricted shallow marine environment. 
The third biota is possibly related to a deep-water environ-
ment, which was probably low-oxygenated in some peri-
ods, as indicated by the dark deposits of Subbed 30.
5 Sedimentary environmental change 
and sea-level fall
The spar-cemented grainstone of Bed 1 represents 
shallow marine, generally skeletal bank environments. 
The presence of fusulinids and calcareous algae indicates 
warm, normal shallow marine conditions. 
Bed 2 is also a grainstone, and the skeletal composition 
of grains is similar to that of Bed 1. Thus, the sedimen-
tary environment of Bed 2 is similar to that of Bed 1. The 
grains in Bed 2, however, are mostly rounded, indicating 
stronger wavy action than that of Bed 1. The change from 
the angular skeletal grains of Bed 1 to the rounded grains 
of Bed 2 reflects a decrease in water depth and increase in 
wave action. 
The reddish color of Bed 2 reminds us of red deposits 
common in many geological times and related to subae-
rial weathering. The limonite coating on the skeletal grains 
was originated from weathering under subaerial condi-
tions. The lift of the sediments and their entering into suba-
erial environments need a sea-level fall before the grains 
were cemented. The dolomitization of the grains might be 
related to the impact of evaporate concentrated seawater in 
supratidal environments. The fabric features of the dolo-
mite rhombi in the grains, generally small, finely crystal-
line, subhedral to euhedral, support this interpretation. The 
formation of the etched pores in the relict dolomite rhombi 
might be related to affection of meteoric freshwater under 
a subaerial condition. Thus the reddish grainstone record-
ed a substantial sea-level fall event, which happened after 
the deposition of Bed 2. 
The deposition of Beds 3 and 4 needs a sea-level rise 
to form the accommodating space. Thus a sea-level rise 
is suggested to have happened from the beginning of the 
deposition of Bed 3. Since the lithology of Beds 3 and 4 
is dominated by micrites and their biota lacks tidal types, 
the sedimentary environments of Beds 3 and 4 were more 
than 20 m in depth, and the sea-level rise had a magni-
tude of more than 20 m. The occurrence of cyanobacterial 
Microcystis fossils in Beds 3 and 4 might reflect that the 
sedimentary environments of these beds were very unu-
sual, such as with low dissolved oxygen (Kershaw et al., 
1999, 2002; Ezaki et al., 2003, 2008; Wang et al., 2005b; 
Wu et al., 2014).
The lithology of Beds 3 and 4 is characterized by the 
speckled and dendroid microscopic appearance. The same 
features are present in the speckled and dendroid micro-
bialites in the PTB section at Laolongdong, Chongqing, 
China (Jiang and Wu, 2013). Jiang and Wu (2013) found 
that diagenesis has played an important role in the forma-
tion of the speckled and dendroid appearance of the mi-
crobialites of the Laolongdong section. This study reveals 
that diagenesis has played the same role in the formation 
of the speckled and dendroid appearance of Beds 3 and 4 
of Xiushui section. 
Both of Beds 3 and 4 have suffered dolomitization, as 
indicated by the complete or incomplete dirty-cored do-
lomite rhombi. There is much more dirty-cored dolomite 
rhombi in Bed 4 than in Bed 3. This leads one to infer that 
the concentrated brine of dolomitization migrated from 
Bed 4 to Bed 3, in a downward direction. The downward 
migration of dolomitizing fluid suggests a supratidal evap-
orate model of dolomitization (Illing et al., 1965; Hsü and 
Siegenthaler, 1969). Such a model needs a sea-level fall 
to let the sediments enter into a supratidal environment. 
Thus we infer that the sediments of Beds 3 and 4 once 
entered into supratidal environments, where they became 
dolomitized.
A dedolomitization event had altered Bed 4, having 
changed most euhedral dirty-cored dolomite rhombi to eu-
hedral dirty-cored calcite rhombi. Observation shows the 
affection of the dedolomitization on Bed 3 is much less 
than on Bed 4. This suggests that the migration of the ded-
olomitization fluid migrated in a downward direction. Less 
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dedolomitization fluid had reached Bed 3, especially its 
lower part, and less calcite rhombi formed in Bed 3. 
Many hypotheses have been proposed to interpret the 
mechanisms of dedolomitization. Based on experimental 
results, deGroot (1967) proposed that dedolomitization is 
a process generally occurring in a subaerial environment 
with a lower Pco2, lower temperature (<50ºC), and high 
water-rock ratio. His model is supported by many case 
studies (Arenas et al., 1999; Zeeh et al., 2000; Rameil, 
2008). Kenny (1992) reported a dedolomitic rock in the 
several meters of dolostone below the Devonian discon-
formity, and believed that the dedolomitization was caused 
by the action of the meteoric water. The distribution of the 
calcite rhombi in Beds 3 and 4 of Xiushui section is con-
sistent with a meteoric water model. 
Since Bed 5 does not contain dolomite or dedolomitized 
rhombi, the dolomitization and dedolomitization have af-
fected Beds 4 and 3. It is reasonable to infer the sediments 
of Beds 4 and 3 once entered into supratidal environments 
due to a sea-level fall and uplift of the basin. The top of 
Bed 4 is wavy, and seems to be an erosional surface. Since 
laterally tracing the outcrops is impossible, we cannot go 
further in determining the nature of the top surface. If the 
top surface is really an erosional surface, it indicates that 
the sea-level fall has a relatively big magnitude and rela-
tively long duration. If it is not an erosional surface, it does 
not deny the presence of a relative sea-level fall. 
 The deposition of Bed 5 (Subbeds 8 and 9) needs a sea-
level rise to form accommodating space. Bed 5 is thin (0.6 
m) and is a packstone. The sparry cement in the skeletal 
grainstone of Bed 6 indicates that the sedimentary envi-
ronments of the Bed 6 had a water depth smaller than that 
of Bed 5, which was probably caused by the accumulation 
of sediments. So, Beds 5 and 6 constitute a shoaling-up 
cycle. 
The lime mudstone of Bed 7 represents deeper water 
than Bed 6, which needs a slight rise of the sea level. The 
spar-cemented grainstone in Bed 8 represents shallower 
water than Bed 7. The biota in Bed 8 is similar to that 
of Bed 7. But, the water depth decreased, which means 
a small sea-level fall or the result of sediment accumula-
tion. Nevertheless, Beds 7 and 8 constitute another small 
shoaling-up cycle. .
The lime mudstone of Bed 9 represents deeper water 
than Bed 8, which means a slight rise in the sea level. The 
flat beddings in Bed 10 indicate a stagnant condition and 
water depth below the wave base. Absence of benthic fos-
sils from Beds 9 and 11 probably reflects some extreme 
marine conditions, such as a low-oxygenated environment, 
which could be the result of sea-level rise, as proposed by 
Wignall and Hallam (1992, 1996). 
Bed 11 and the above many meters are the same lime 
mudstone containing very sparse fossils, representing rela-
tively deep water. So Beds 9 to 11, and some of the above 
thickness make up a deepening-up cycle.
In summary, the PTB section in Xiushui has recorded 
two substantial sea-level falls, a following period of slow 
rise, and the later quick rise. The stagnant and probably 
anoxic water caused by the quick rise was inadaptable to 
all organisms. 
6 Discussion
6.1 Sea‑level fall in the P-T transition
How did the sea level changed during the P-T tran-
sition? The dispute has continued for many years since 
Wignall and Hallam (1992, 1996) proposed that there 
was no sea-level drop but sea-level rise during the period 
from the latest Permian to the earliest Triassic, and that 
it was the oceanic anoxia caused by the continuing sea-
level rise that triggered the mass extinction. But, in the 
last decade, more and more studies are presenting opposite 
evidences. Wu et al. (2003) made a systematic study on the 
sedimentologic and diagenetic records of a sea-level fall 
in the latest Permian on the Changhsingian reef in Ziyun, 
Guizhou Province, China, and determined this sea level 
has an amplitude about 89.3 m. They also determined the 
amplitude of a coeval sea level in Hubei province, South 
China to be about 88.9 m, and suspected that it is a eustatic 
sea-level fall. Wu et al. (2006a, 2006b) reported evidences 
for an end-Permian sea-level fall in Xiushui, Jiangxi Prov-
ince, and at Laolongdong, Chongqing. Ezaki et al. (2003) 
noticed an erosional surface in a PTB section in Langpai 
area, Luodian, Guizhou Province. Zhang et al. (2006) 
proposed that a large sea-level fall occurred in the latest 
Permian in Dongpan, Guangxi Province. Farabegoli et 
al. (2007) noticed two unconformity surfaces in the lat-
est Permian of the Bulla and Tesero sections in Southern 
Alps (Italy). Heydari et al. (2003) proposed that there is 
an end-Permian sea-level fall in the PTB section in Aba-
deh, Iran. Ezaki et al. (2008) reported the presence of an 
unconformable surface as the bottom of the P-T bound-
ary thrombolites. Collin et al. (2009) reported pendent and 
meniscus cements in the Great Bank of Guizhou (GBG), 
South China, proving a lowstand. Wu et al. (2010) made a 
detailed study on the sedimentologic evidences for an end-
Permian sea-level fall at the top of the Changhsingian reef 
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in Ziyun. Since evidences for an end-Permian sea-level 
fall have been found in so many places over the world, Wu 
et al. (2010) proposed that the end-Permian sea-level fall 
might be eustatic. Kershaw et al. (2011) found a major ero-
sion surface in the PTB sequence, near Antalya, Turkey, 
and interpreted it as being the Late Permian lowstand, as 
well as several small-scale erosions in the deposits above 
the mass extinction horizon. Wang et al. (2012) found a 
sea-level fall in the PTB section at Dawen of Luodian, 
Guizhou Province, South China, and believed they were 
of a global scale. Liu et al. (2014) reported evidences of a 
big sea-level fall at the horizon of the first and main mass 
extinction episode. 
6.2 Mass extinction pattern
This study reveals that the mass extinction consists 
of a main episode happening at the horizon about 0.8 m 
below the P-T boundary, and a small second episode at 
the end of the Hindeodus parvus zone. This conclusion is 
in accordance with the case in Bükk Mountain, Northern 
Hungary (Haas et al., 2007), where a biotic crisis began 
from about 1 m below the bottom of the H. parvus zone. 
The mass extinction in Meishan section, the GSSP of the 
P-T boundary, is believed to include a main episode at 
251.4 Ma and the decline of the remaining taxa in the fol-
lowing 1 Ma (Jin et al., 2000). Yin et al. (2007) believed 
the PTB mass extinction consists of three episodes, with 
the first one at the bottom of Bed 24e, about 0.2 m be-
low the P-T boundary. Yang et al. (1991) studied 14 PTB 
sections in South China, and found that an obvious ex-
tinction “line” is present at meters to tens of centimeters 
below the P-T boundary. Wu et al. (2007a) studied two 
reef-related PTB sections in Guizhou Province, China, and 
found that the extinction of reef ecosystems at the end of 
the Permian include two steps: the first is the extinction 
of the stenotropic organisms at the horizon 1.7 to 2.4 m 
below the P-T boundary, and the second is the extinction 
of most eurytropic organisms at the bottom of H. parvus 
zone. Noé (1987) studied the PTB section in Tesero, Italy, 
and found that 72% of marine species including fusulinids 
became extinct at 2.2 m below the P-T boundary, which 
was regarded as the first extinction episode by the present 
authors, and most eurytropic species became extinct at the 
bottom of the H. parvus zone, which was considered as 
the second extinction episode by us. Wignall and New-
ton (2003) studied the PTB section in Ursula Creek, Brit-
ish Columbia, Canada, and found that the first extinction 
event, the extinction of radiolarians, happened at 1.6 m 
below the P-T boundary, and the second extinction event, 
the extinction of siliceous sponges, happened at 0.8 m be-
low the P-T boundary. Twitchett et al. (2001) found that 
in Jameson Land, eastern Greenland, the first extinction 
happened at several meters below the P-T boundary. All 
previous researches revealed that the first mass extinction 
episode happened at some distance below the P-T bound-
ary. This study supports their results, and determines that 
it occurred at the base of the conodont Hindeodus changx-
ingensis zone. This conodont zone was defined by Wu 
(2005a), and occupies the duration between the Clarkina 
meishanensis zone and Hindeodus parvus zone. So, the 
main episode of the mass extinction happened before the 
beginning of the Mesozoic.
6.3 Relationship between mass extinction and sea‑
level fall
As indicated by the coating on the skeletal grains of the 
grainstone, a substantial sea-level fall occurred after the 
deposition of Bed 2. Interestingly, the first drastic biotic 
change occurred at about the same time, after the deposi-
tion of Bed 2. Is it an accidental coincidence or it reflects 
a causal relationship? Two reasons made us prefer to the 
latter. 
A causal relationship between a sea-level fall and a 
mass extinction is possible. A substantial sea-level fall 
can be caused by (1) changes in the total volume of oce-
anic water on the earth because of drastic global climatic 
changes, and (2) changes in the total volume of the oce-
anic crust because of changes in the expanding speed of 
oceanic ridges. Based on the ecological type of the extinct 
taxa, Wu (2005a) has proposed the possibility of a dras-
tic climatic cooling as the triggering mechanism of the 
end-Permian mass extinction. A drastic cooling event can 
greatly reduce the total volume of oceanic water through 
ice sheet increase, and cause a substantial sea-level fall. A 
drastic climatic cooling event can killed all stenotrophic 
thermophilous organisms, such as reef-building calcareous 
sponges and corals, causing mass extinction in the marine 
and land biosphere. Thus, a substantial eustatic sea-level 
fall can occur at about the same time as a mass extinc-
tion happens, both as the result of a drastic climatic cool-
ing event. Sun et al. (2012) reported a conodont oxygen 
isotope evidence for P-T transition warming. However, 
their warming event occurred after the mass extinction, 
and cannot be considered as the cause of the extinction. 
Secondly, not only in Xiushui, the sea-level fall occur at 
the same time as the first episode of the mass extinction, 
but also in many other places. Wu et al. (2007a) have 
found that the mass extinction of reef ecosystems in the 
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P-T transition in Ziyun, Guizhou Province, South China 
happened in two steps. The first is the sudden disappear-
ance of all stenotropic organisms including calcisponges 
and fusulinids in the Clarkina yini Zone, and the second 
is the disappearance of most eurytropic organisms includ-
ing microgastropods and algal mats at the beginning of the 
Hindeodus parvus Zone. Yin et al. (2007) found that the 
prelude of the end-Permian mass extinction in Meishan 
section commenced during the time between Beds 24e and 
25 and coincided with the end-Permian regression. The 
current study reveals that the first mass extinction episode 
in Xiushui section was coeval with the main end-Permian 
sea-level fall, both at the base of Hindeodus changxingen-
sis zone. Such coevality may indicate that both of them 
have a common triggering mechanism, which probably is 
a drastic climatic cooling. 
7 Conclusions
This study has reached the following points:
1) A substantial sea-level fall occurred in beginning of 
Hindeodus changxingensis Zone. It caused the skeletal 
grain deposits to be exposed to a subaerial environment, as 
indicated by the reddish Fe-coating on the skeletal grains. 
2) The first and main episode of the mass extinction 
occurred in the beginning of Hindeodus changxingensis 
Zone, at about the same time as the substantial sea-level 
fall occurred, and is characterized by the sudden disap-
pearance of all stenotropic warm-water organisms such as 
large foraminifers and dasycladacians. 
3) The coevality of the sea-level fall and the main mass 
extinction episode is not accidental but causal. Probably a 
drastic climatic cooling has caused both of them. 
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